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PreviewsSealed with a Kiz: How Plk1
Ensures Spindle Pole Integrity
The kinase Plk1 plays multiple roles in regulating
mitotic progression, including stabilization of spindle
poles, but its substrates are largely unknown. A new
study by Yamamoto and coworkers has identified
a centrosomal protein, Kizuna (Kiz), as a mitotic sub-
strate of Plk1 (Oshimori et al., 2006). Phosphorylation
of Kiz ensures the integrity of spindle poles in the face
of severe pulling forces exerted by the chromosome-
attached spindle microtubules.
Chromosome segregation occurs on a bipolar microtu-
bule-based structure called the mitotic spindle. Failure
to form a robust bipolar spindle can lead to unequal
chromosome segregation and aneuploidy, a typical
hallmark of many human cancers. Centrosomes act as
the principle sites of microtubule nucleation in animal
cells and sit at the poles of the mitotic spindle. Although
bipolar spindle formation can occur without centro-
somes, in the vast majority of cells centrosomes play
a lead role in orchestrating spindle formation. During
the cell cycle, centrosomes undergo a series of morpho-
logical events as cells proceed into mitosis. First,
centrosomes are duplicated to ensure that they have
the capacity to form a bipolar, rather than monopolar,
spindle. Second, centrosomes undergo maturation,
which involves the recruitment of additional proteins
to increase the microtubule nucleation capacity. Third,
centrosomes separate to opposite ends of the cell;
this requires uncoupling of the linkage that maintains
the two centrosomes in close proximity during inter-
phase and microtubule-dependent motor protein activ-
ity to drive the uncoupled centrosomes apart. Finally,
the separated centrosomes assemble additional pro-
teins, including NuMA and dynein, which focus the
minus ends of the microtubules at the spindle poles
and allow the spindle to create the tension necessary
for chromosome segregation. As one might expect,
each of these events is regulated by cell cycle-depen-
dent protein phosphorylation, with members of the
Cdk, Aurora, Plk, and Nek protein kinase families con-
tributing to different aspects of centrosome regulation
and spindle formation.
As chromosomes align on the metaphase plate, the
centrosomes come under extreme tension as spindle
poles are attached not only to the chromosomes but
also, via astral microtubules, to the cell cortex. So
what maintains the integrity of spindle poles and pre-
vents them from being torn apart? Centrosomes are un-
usual organelles consisting of two cylindrical centrioles
surrounded by a matrix of insoluble and soluble pro-
teins known as the pericentriolar material (PCM). Centri-
oles are essential to the integrity of the centrosome dur-
ing interphase and at the time of spindle assembly in
early mitosis (Abal et al., 2005). Presumably, centrioles
provide a platform to which PCM components can ad-here. However, the nature of the molecular interactions
at the spindle poles that resist the pulling forces in
mitosis are poorly defined. For instance, it is not known
what connects the centrioles with the PCM, which are
the key structural proteins that hold the PCM together
or how the PCM associates with microtubule minus
end-focusing proteins to anchor the microtubules
themselves.
The polo-like kinase Plk1 is a master regulator of the
centrosome during mitosis (Barr et al., 2004). Plk1 is
required for centrosome maturation, centrosome sepa-
ration, and spindle pole integrity (Lane and Nigg, 1996;
Sumara et al., 2004; van Vugt et al., 2004). However,
only a few centrosomal proteins have been identified
as genuine Plk1 substrates and, as a result, how Plk1
contributes to centrosome function has remained
largely obscure. In a recent issue of Nature Cell Biology,
Oshimori and colleagues now present evidence that
a novel component of the centrosome, named Kizuna,
is not only required to maintain the integrity of
centrosomes during mitosis, but also requires phos-
phorylation by Plk1 to fulfill this function (Oshimori
et al., 2006).
Kizuna, or Kiz for short, is Japanese for ‘‘bonds,’’ the
name implying that it binds the spindle pole together.
This 673 amino acid protein, which contains no obvious
sequence motifs or domains, was isolated in a search
for Plk1 substrates undertaken using a strategy devel-
oped by Hunter and colleagues (Fukunaga and Hunter,
1997). Essentially, this is based on in vitro phosphoryla-
tion of a library of bacterially expressed GST fusion pro-
teins. Kiz localizes to the centrosome both in interphase
and mitosis, but is specifically phosphorylated during
mitosis at Thr-379 by Plk1. Importantly, Oshimori and
colleagues used RNA interference to demonstrate that
Kiz is specifically required to maintain the integrity of
spindle poles (Figure 1), and not for centrosome matura-
tion or separation. In its absence, the PCM becomes
fragmented or dispersed leading to poorly organized,
and often multipolar, spindles with subsequent chromo-
some segregation errors. Fragmentation of the PCM
results from pulling forces exerted by chromosome-
attached microtubules, as the PCM is stable in
Kiz-depleted mitotic cells that also lack either dynamic
microtubules or the chromosome-associated kinesin
motor protein Kid. Interestingly, Kiz-depleted cells do
not arrest in mitosis suggesting that sufficient tension
remains across the spindle to inactivate the mitotic
checkpoint.
The PCM fragmentation that occurs upon Kiz deple-
tion can be rescued by wild-type Kiz and a T379E mu-
tant, but not by a nonphosphorylatable T379A mutant.
Furthermore, the T379E mutant can partially rescue
the spindle defects, although not other consequences,
that result from depletion of Plk1. Recruitment of Plk1
to its substrates often involves prior phosphorylation,
or ‘‘priming,’’ of the substrate by another kinase. This
creates a phospho-dependent binding site for the
polo-box domain (PBD) of Plk1 (Elia et al., 2003). Plk1
and Kiz interact strongly in mitotic cells and this
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432Figure 1. A Model Illustrating How Phosphor-
ylation of Kiz by Plk1 Maintains Mitotic Spin-
dle Pole Integrity
During G2, the centrosome consists of a pair
of centrioles (blue cylinders) surrounded by
PCM (gray shading). Microtubule minus
ends are anchored and capped (red circles)
within the PCM, where Kiz is also located.
Centrosome maturation occurs during pro-
phase and is associated with PCM expansion
and an increase in microtubules; Plk1 is re-
quired for this process but its substrates are
not known. As cells progress toward meta-
phase, phosphorylation of Kiz (yellow star)
by Plk1 prevents PCM fragmentation that
would otherwise result from spindle tension.
The mechanism for this is not clear: phos-
phorylated Kiz might stabilize a scaffold
(black lines) within the PCM or it might inter-
act directly or indirectly with microtubules
via g-tubulin. NuMA and dynein (green ellip-
ses) are also required at this time to focus
the spindle microtubules.interaction is abrogated by PBD mutations, raising the
possibility that Kiz is primed by another kinase prior
to Plk1 recruitment. Kiz also associates with other com-
ponents of the PCM, including g-tubulin, but not with
the proteins that focus the minus ends of the spindle
microtubules.
These results are reminiscent of earlier studies on
the Drosophila protein Asp (do Carmo Avides et al.,
2001). Asp is a centrosomal protein, asp mutations
lead to unfocused spindle poles, and Asp is a substrate
for the Drosophila polo kinase. However, Asp is a much
longer protein than Kiz and shares similarity with
NuMA, the microtubule minus end-focusing protein.
Furthermore, unlike Kiz, Asp is also required for centro-
some maturation. It therefore remains unclear whether
phosphorylation of Asp by polo contributes to spindle
pole integrity, as well as centrosome maturation. It is,
however, worth noting that there are no obvious homo-
logs of Kiz in flies or fungi, suggesting an added
sophistication to spindle pole organization in higher
eukaryotes.
As usual, this study raises a plethora of questions
about spindle organization that center on the mecha-
nisms of Kiz function and regulation. For example,
how exactly does Kiz provide a stabilization force to
the spindle pole during mitosis? To what components
of the centrosome is Kiz itself attached? How does
phosphorylation by Plk1 strengthen the stabilization
forces that Kiz provides? Also, which kinase primes
Kiz for recruitment of Plk1? While this elegant study
provides a conceptual advance in understanding whatprevents spindle poles from being ripped apart in
mitosis, much more research will clearly be required
to complete the picture.
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